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Goal:


 

Coupled Few-Electron Quantum Dots in a 
Silicon/Silicon Dioxide Inversion Layer



 

This Talk: 


 

Process Characterization, Damage Mitigation


 

Low Disorder MOS Quantum Dots


 

Integrated Charge Sensing
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Quantum Dot Spin Qubits in Si
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Gate Oxide
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Electron
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Advantages Si Material:


 

Low spin-orbit coupling


 

High percentage Si28

 

reduces nuclear spin 
coupling

Advantages of the MOS System:


 

Highly tunable densities


 

Scaling advantage due to gate proximity to 
electrons


 

No δ-dopants required for transport


 

Readily CMOS compatible


 

Polysilicon depletion gates allow for donor 
integration
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Initial Device Structure
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Final Device Structure
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CV Measurements


 

Disorder at the Si-SiO2
interface influenced by 
oxide charge and trap 
density



 

Damage from individual 
process steps can increase 
each density

350Å

 

Si-SiO2

 

w/ 
e-beam Al:

Qf

 

= 3.51 x 1010

 

q/cm2

Dit

 

= 6.58 x 1010

 

q/cm2eV

Poster:  Greg Ten Eyck
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With forming gas anneal, Dit

 

values 
remain roughly process independant



 

Qf

 

can very from process to process



Process Induced Disorder

-0.6 -0.3 0.0

0.00

0.02

0.04

0.06

G
 (e

2 /h
)

Depletion Gate Voltage (V)

Disorder Dominated Conduction

Constriction Dominated Conduction

Top Gate Voltage:  8V

Top Gate Voltage:  25V

Data taken at 300mK

-3 -2 -1 0
0.00

0.02

0.04

0.06

G
 (e

2 /h
)

Depletion Gate Voltage (V)

8



Coulomb Blockade within a Lateral Non-
 Collinear Geometry

Data taken at 300mK
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Quantum Dot Capacitances
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Gate: C to Dot

Top Gate 14.7 aF

A 6.12 aF

B 3.24 aF

C 3.36aF

D 7.23 aF



 

Capacitances can be extracted experimentally by measuring the 
period of the Coulomb blockade while each gate is swept



 

These experimental capacitances can be compared to 
electrostatic simulations
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Device Modeling
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Simulated e-

 

density
within  QD



Integrated Charge Sensing

J. Petta, et al. Science  309, 2180 (2005)



 

Noninvasive charge sensing key to obtaining and verifying few 
electron occupation, and spin-to-charge conversion 
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Device geometry 
restricts conduction 
range within the 
charge sensor



Compensated Charge Sensing
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Capacitive Model –
 

Expected Results
Experiment:

CC

 

= 0.09 ±

 

0.01 aF

Capacitive Model:
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Using measured gate capacitances, the charge sense signal magnitude, 
and dI/dVG

 

, CC

 

can be found experimentally


 

Confidence exists that we can predict the magnitude of a charge sense 
signal in similar geometries with a capacitive simulation



Device Directions

250 nm



 

Simulation suggests few electron occupation 
achievable within available voltage range 
(current occupation ~ 100 e-)



 

Explore double dot device functionality
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Simulated e-

 

density
within  QD:

Single Electron Conditions



Donor Integration



 

Poly silicon gates allow for 
activation anneals after 
nanolithography
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Summary


 

Stable, repeatable Coulomb blockade observed within a non-
 linear, tunable, Si-MOS structure with the possibility of donor 

integration


 

Integrated, high visibility, charge sensing shown


 

Capacitance simulations consistent with expected dot 
geometry, and observed charge sense signal



 

Process damage able to be overcome to create measurable 
nanostructures w/ sensitivities similar to those in other 
material systems



 

Future directions:


 

Push towards few electrons


 

Couple with neighboring dot


 

Modify forthcoming structures for greater charge sensitivity
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